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General review

The role of radiotherapy in the treatment of pterygium: A review of
the literature including more than 6000 treated lesions

Réle de la radiothérapie dans le traitement du ptérygion : revue de la littérature
incluant plus de 6 000 lésions traitées
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ARTICLE INFO ABSTRACT
Article history: Pterygium is a benign conjunctival neoformation usually treated by surgical excision, but recurrences
Received 5 October 2009 may affect 30% to 89% of cases, so that adjunctive therapies like conjunctival autografting, antimitotic
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drugs and beta-irradiation (3-irradiation) are often used to improve the rate of local control. Our essay has
reviewed relevant studies addressing the role of postoperative irradiation in the treatment of pterygium
in the last 30 years through an Internet-based search and hand search in libraries. Sixteen studies on
B-irradiation and one on soft X-ray irradiation were accessible. They covered more than 6000 lesions

ffteé’r“;gg:n treatgd by surgical excision and po.stoperative B—irradie?tion gsir}g strontium-90 (9°§r) applicators at doses
Surgery varying from 10 to 60 Gy/1-6 fractions/1-6 weeks starting within 3 days postoperatively. The rates of local
Beta irradiation recurrence were in general lower than 15% and major complications such as scleral thinning, ulceration,
Strontium-90 infections, or radiation-induced cataract were rarely encountered. Early postoperative 3-irradiation at a
Local control dose of 30 Gy/three fractions/2-3 weeks starting within 24 h from surgical excision is an effective and safe
procedure with local control rates comparable to chemotherapeutic agents and conjunctival autografting

and superior to simple excision alone.
© 2010 Société francaise de radiothérapie oncologique (SFRO). Published by Elsevier Masson SAS. All
rights reserved.

RESUME

Mots clés : Le ptérygion est une tumeur bénigne d’origine conjonctivale. Son traitement est avant tout chirurgical,
Ptérygion mais I'exérése seule est grevée de prés de 30 a 89 % de récidives, c’est pourquoi des traitements adjuvants
Chir Ufgif comme l'autogreffe conjonctivale, les substances cytotoxiques, I'irradiation postopératoire au moyen de
Rayon béta rayons béta sont largement utilisées pour réduire ce risque de récidive. Nous avons cherché sur Internet

Strontium-90

N et aussi dans les bibliothéques des études concernant le role de la radiothérapie postopératoire dans le
Controle local

traitement de ces lésions pendant les 30 derniéres années. Seize études sur le traitement postopératoire
al'aide d’un émetteur béta (strontium-90) et une seule étude sur les rayons X sont accessibles. Ces études
ont inclus plus de 6000 lésions traitées au moyen de I'exérése chirurgical suivie par une irradiation aux
doses de 10 a 60 Gy en une a six séances sur une a six semaines débutées dans les trois jours postopéra-
toires. Les taux de rechute ont globalement été inférieurs a 15 % et les effets secondaires majeurs comme
I'atrophie de la sclére, 'ulcération, des infections et la cataracte ont rarement été reportées. Cette revue
permet de conclure que I'irradiation postopératoire précoce (notamment I'irradiation béta), a une dose de
30 Gy en trois fractions et deux a trois semaines, débutée dans les 24 heures suivant I'acte chirurgical, est
un traitement efficace et sans effets secondaires majeurs, assurant un taux de controle local comparable
a celui obtenu par les injections locales de substances cytotoxiques ou par I'autogreffe conjonctivale, et

significativement supérieur a celui obtenu par I'exérése chirurgicale seule.
© 2010 Société francaise de radiothérapie oncologique (SFRO). Publié par Elsevier Masson SAS. Tous
droits réservés.
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1. Introduction

Pterygium is a common conjunctival disorder of unknown eti-
ology [37,43]. It typically develops between the ages of 20 to
50 especially in tropical and subtropical areas and characterized
by fibrovascular reaction, chronic inflammatory cells infiltration,
angiogenesis, fibroblastic proliferation and invasion [13,21,31,77].
Some studies have indicated that excessive production of extracel-
lular matrix is implicated in its pathogenesis [9,37]. More recently,
positive immunostaining for fibroangiogenic growth factors in
pterygium has suggested their interactions in cellular prolifera-
tion, inflammatory reaction, remodeling of extracellular matrix
and angiogenesis of pterygium [8,41]. Also, the demonstration of
higher counts of circulating CD34+ and c-kit+ bone marrow derived
progenitor cells in correlation with higher levels of systemic and
local cytokines and stronger expression of progenitor cell markers
such as CD34, c-kit, vascular endothelial growth factor (VEGF1 and
VEGR2) in pterygial tissues, especially recurrent ones, than in nor-
mal conjunctiva suggested that these progenitor cells are involved
in its pathogenesis and environmental factors such as UV, heat
and wind might cause chronic inflammation and sublethal hypoxia
that triggers the migration of these cells, which can differentiate
into mature endothelial cells, to the limbus [43,63]. Anti-apoptotic
mechanisms have also been suggested in its pathogenesis, and
recent data demonstrated expression of cyclooxygenase-2 (COX-
2)and anti-apoptotic protein, survivin, in primary pterygia [19,52].
Such information can provide a base towards the development of
novel therapeutic strategies that involve the use of COX-2 and sur-
vivin inhibitors [52].

The main treatment of pterygium is surgery [45,49]. Although
excision of pterygium with bare sclera technique is the quickest
method with the least surgical intervention but it is by far the least
satisfactory method with respect to recurrence rate, so that, adju-
vant therapy such as conjunctival autografting (CAG), cytotoxic
agents like mitomycin C (MMC) and B-irradiation is needed for
prevention of recurrences [32,33,35,48].

Although CAG is considered safe and effective procedure
with infrequent complications such as epithelial inclusion cysts,
corneoscleral dellen, graft oedema, it needs surgical expertise,
technical ability and more time to secure the graft with sutures
[36,69,72]. However, using fibrin glue instead of sutures was found
to shorten the operative time, minimize postoperative discomfort
and improve local control [26,36]. Recurrence rates reported with
CAG ranged from 5.4 to 39% for primary [2,4,18,45,46,72] and from
5.3 to 33.3% for advanced and recurrent pterygia [2,38,45,72].

Including limbal stem cells in the conjunctival autograft (LCAG)
is suggested to act as a barrier to conjunctival cells migrating
onto the corneal surface and help preventing recurrence [7]. Some
authors reported that LCAG is more effective than CAG with recur-
rence rates ranged from 1.9 to 7% for primary and up to 14.6%
for recurrent lesions [1,2,23,30,39,54,79]. However, it is technically
more demanding and time-consuming to perform [7].

Using MMC in treatment of pterygium dates back to 1963 [18].
Some studies reported that low dose topical MMC (0.2 mg/ml twice
daily for 5 days to three times daily for 1 week) after excision of
pterygium has been as effective as CAG with comparable recur-
rence rates varied between 3.7 and 38% while others found it
was associated with even lower recurrence rate to that achiev-
able with CAG (9.4% versus 24.9%, respectively) [18,46,49]. In view
of the various complications reported with postoperative topical
MMC such as secondary glaucoma, iritis, cataract, scleral necro-
sis, scleritis and perforation, a single intraoperative instillation of
MMC at concentrations from 0.02% for 3-5 min to 0.04% for 3 min
has been considered safe and effective alternative to postopera-
tive MMC as it had been found associated with recurrence rates
from 4.08 to 15.9% compared to 29.27-75% for excision alone in

primary pterygia and recurrent ones, along with very low rates of
side effects such as superficial punctate keratitis, limbal avascular-
ity, superficial scleral melting, scleral dellen and conjunctival cysts
[1,6,7,16,22,24,42,50,51,60,65,79].

Utilization of B-irradiation in postoperative treatment of ptery-
gium has a long history being convenient and practical method in
inhibiting the repopulation of endothelial cells. It is characterized
by minimal tissue penetration and absence of unwanted gamma
rays [29,40,53,58,77]. Early studies reported success rates up to
90% with bare sclera excision and postoperative [3-irradiation, but
others reported it might lead to iatrogenic ocular diseases [20,71].
Few studies have compared between postoperative [3-irradiation
and MMC and even fewer those compared between -irradiation
and CAG. While some reported lower recurrence rates in favour
of intraoperative and postoperative MMC for primary pterygium,
others reported better results with -irradiation compared with
postoperative MMC in primary and recurrent pterygia and better,
yet marginal, outcome of (3-irradiation over CAG in primary ptery-
gia [6,17,21,68]. Our review of literature aims at evaluating the
role of postoperative irradiation in reducing the recurrence rate
of pterygium and the complications associated with it.

2. Method of review

References enrolled in our review were collected through
an Internet-based survey using the PubMed® data searching for
English language publications on pterygium and irradiation as well
as a hand research in libraries. We have focused on studies report-
ing on the results of treatment of pterygium whether primary or
recurrent by both surgical excision and postoperative ionizing irra-
diation. Studies on other modalities of treatments and those having
incomplete information from published data were not focused on.
The study to be relevant to our review had to report on the impact of
such a combined treatment on the local control and/or recurrence
rates as well as the side effects. We were able to access to 17 stud-
ies that composed the bulk of our review. These studies included a
total number of more than 6000 treated lesions.

3. Treatment

Treatment of pterygium with B-irradiation using 90Sr appli-
cator is a mould brachytherapy. 90Sr is a nuclear reactor fission
product of uranium-235. Its half-life is 29.12 years and decays to
yttrium-90 [59]. The applicators consist of silver cups containing
the radioisotopes incorporated onto them with thin metallic cov-
ering to remove low energy [3-particles. Plane sources are typically
about 10-12 mm while concave ones from 9 to 23 mm in diameter.
The applicator is put manually in contact with the surgical bed and
the dose is delivered to the surface. The maximum energy of [3-
particles emitted from 90Sr is estimated at 0.546 Mev while those
from yettrium-90 at 2.27 Mev [53]. The depth dose was found to be
20% at 2 mm, and almost 0% at 5 mm under the surface [10,27,34].

4. Results
4.1. Randomized studies

Prospective randomized trials on treatment of pterygium
with surgery and postoperative irradiation are scarce [33,35].
Jiirgenliemk-Schulz et al. conducted a prospective, randomized,
multicenter, double-blind study included 96 pterygia (Table 1).
They analyzed the results of 86 pterygia excised by bare sclera
technique followed either by [(3-irradiation using 90Sr applicator
at a dose rate between 200 and 250 cGy/min (44 eyes) or sham
radiotherapy using non 90Sr containing applicator (42 eyes). Recur-
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rence was defined as postoperative regrowth of fibrovascular tissue
crossing the corneoscleral limbus. The crude recurrence rate was
6.8% versus 66.7% in favor of B-irradiation and most of recurrences
developed within 1 year after treatment. Photophobia and irrita-
tion appeared in both groups with no significant differences, few
cases of postoperative granuloma in the surgery only arm but no
severe complications had been noticed [35].

Nakamatsu et al. analyzed the outcome of 73 pterygia excised
with bare sclera technique followed by {3-irradiation (Table 1).
No significant difference in local control was noted between
lesions received 30 Gy/three fractions/15 days and those received
40 Gy/four fractions/22 days when radiotherapy started within 3
days after surgery [55].

De Keizer compared between surgical excision and superficial
free conjunctival autograft FCG versus excision and postoperative
90Sr B-irradiation (Table 1). While 6.4% of primary lesions treated
with FAG recurred, no recurrences developed with (-irradiation.
For recurrent lesions, both modalities showed equal results with
recurrence rate at 12.5% for each. No serious complications with
[B-irradiation were noted, and in FAG, granuloma, moved graft,
glaucoma and foreign body reaction were reported [21].

Late side
effects

No serious
complications
No new
cataract

No late
complications
No new
cataract

0.04)

Rate of local
control
Actuarial
freedom from
relapse: 87%
Recurrences in
single dose:
9.4%.
Recurrences in
fractionated
dose: 12.5%

5 years local
control
probability: 83
.5%, 94% and
76. 9% for all
cases, group 1
and 2 (p

4.2. Retrospective studies

Isohashi et al. analyzed the results of 1253 pterygia treated
by excision and postoperative [3-irradiation (Table 1). Recurrences
affected 7.7% of cases. The multivariate analysis gave a signifi-
cantly lower rate in males, patients younger than 40 years, patients
with prior radiotherapy and patients who underwent radiother-
apy immediately after surgery versus more than 2 h after surgery
with p values of 0.013, <0.001, 0.013 and 0.014, respectively. Tem-
porary side effects e.g. moderate conjunctivitis, local pain, visual
disturbance and photophobia developed in 15.2% of cases [33].

Pinkerton reported arecurrence rate at 6% after treatment of 975
pterygia with simple wide excision and immediate postoperative
[B-irradiation at a maximum dose of 30 Gy [64].

Paryani et al. in a study on 825 pterygia treated by resection
and postoperative [3-irradiation reported a recurrence rate at 1.7%,
most of them developed in the first year (Table 1). Patients who
had prior therapy were more vulnerable for other recurrences. No
major complications appeared [62].

Viani et al. after excision and postoperative [3-irradiation of 737
lesions found a recurrence rate at 9.9% (Table 1). Eighty percent
of recurrences developed within 3 years after treatment. For the
primary lesions without previous treatment, the recurrence rate
was 6% at 5 years. Local control rates were significantly lower with
large, recurrent lesions, timing postoperatively >48 h, total doses
<35Gy, and in patients <65 years with p-values of 0.02, <0.0001,
0.001, 0.001 and 0.0001, respectively [75].

Nishimura et al. studied 490 pterygia treated by resection and
postoperative [-irradiation (Table 1). Recurrences developed in
11.8%. The median time of recurrences was 10 months in the major-
ity of cases. The local control probability was significantly better for
pterygiairradiated within 3 days versus those irradiated from 6 to 9
days postoperatively (p<0.001) and for primary versus secondary
ones (p<0.01). The total dose was a marginally significant factor
for local control [57].

Alaniz-Camino, after treatment of 483 pterygia with postoper-
ative B-irradiation at a dose of 28 Gy in 4 to 5 days overall time
starting 24 h after surgery, reported a 4.32% recurrence rate with
no undesirable morbidities [3].

Fukushima et al. in their study on 393 pterygia reported a recur-
rence rate at 8.6% and 71% of them were noted within 1.5 years
after treatment (Table 1). Local control was significantly lower in
females (p=0.05), previously treated cases (p=0.007), with long
overall treatment time, 35 days versus more (p=0.01), and those

Follow up
Median 13
months
Median 49
months

27.3% and from
2-21 days:

16.4%
Unknown: 1.3%

Timing
postoperative
Immediately
after surgery:
55%

Within 24 h:
<2h: 72%
24h: 18%
Mean time of
48 h: 10%

Dose schedule

fractions: 3.3%

fractions: 1.4%

10 Gy fractions:
80%.

fractions every
other day: 17%

20 Gy single

fractions: 2.8%
45Gy/3

30 Gy once:
92.5%
30Gy/2-3
40Gy/2

6 weekly of
30Gy/3
fraction: 3%

Number of
lesions

146 pterygia
(135 evaluable)
100 pterygia
Primary (group
1):37%
Recurrent
(group 2): 63%

Grillo et al.
[53]

Authors
Beyer [11]
Monteiro-

Table 1 (Continued)
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Table 2
Willner study on treatment with soft X-ray therapy.

Author Treatment

schedule

Lesions

Type of irradiation

Rate of local Late effects

control

Follow up

Willner et al. [78] 81 recurrent

pterygia (4 fractions of 5 Gy
after a mean of 4
days from surgery:
42% (1st group).

7 Gy + microsurgery +
conjunctival
graft+5Gy to
surgical bed within
24 h then every
other day to 27 Gy:
58% (2nd group).

Excision + radiotherapy RT50 (Philips) with a
20 kV X-ray generator
and 0.1 mm aluminum
filter with special tubes
(source-surface
distance: 40 mm and
diameter: 10-15 mm)

No serious side
effects e.g
scleral necrosis,
thinning, no
cataract, no
glaucoma

Actuarial 2 and
5 years
freedom from
recurrence
rate: 66% and
44% in 1st
group, and 91%
in the 2nd
group
(p=0.001).
Recurrences:
1st group:
15/34, 2nd
group: 4/47

Median period 57 months
(1st group)

Median period 26 months
(2nd group)

younger than 30 years (p=0.001). The time interval between exci-
sion and start of irradiation did not affect the outcome nor did the
total dose (30 Gy versus 35 Gy). Visual disturbance, pain, congestion
and ulcerations appeared in 5.3%, 3.3%, 2.5%and 0.5%, respectively
[27].

Wilder et al. in a study included 338 pterygia reported a recur-
rence rate at 9.8% (Table 1). Better local control appeared in those
received three weekly 8 Gy fractions and a single fraction of 18 Gy
versus those received a single fraction at 8-10 Gy or two weekly
fractions of 8 Gy, when irradiation initiated 1-8 h postoperatively
and in primary pterygia. Ocular irritation, decreased visual acuit,
and photophobia developed in 17, 11 and six cases, respectively
[77].

Wesberry et al. reported on 171 pterygia received a single post-
operative dose at 20 Gy (Table 1). Recurrences affected 8% of cases
and only 3% presented minor side effects [76].

Beyer in his study on 146 lesions found that all recurrences
(13 cases) developed within the first 18 months after treatment
(Table 1). The time between surgery and irradiation, age, bilateral-
ity and prior resections were not correlated with recurrence rates.
Transient conjunctivitis and photophobia were frequently noted
[11].

Monteiro-Grillo et al. after follow up of 100 lesions treated with
excision and postoperative (3-irradiation reported a recurrence rate
at 14%, with a median time of recurrence at 11 month (Table 1). Bet-
ter local control was achieved in primary pterygia. Early toxicities
including ocular irritation, neovascularisation and limited scleral
atrophy developed infrequently and recurrent lesions experienced
greater incidence of sequelae. No significant correlations were
found between treatment sequelae and radiation doses (p=0.32)
[53].

Schultze et al. analyzed the results of 64 primary and recurrent
pterygia treated by postoperative -irradiation at a total dose of
30 Gy/six fractions/2 weeks. With a median follow up period of 5.5
years, 8.16% of primary and 26.7% of recurrent lesions recurred.
Irradiation initiated within 3 days postoperatively achieved better
control in primary cases [66].

Campbell et al. reported an 89% local control rate after resection
and postoperative [3-irradiation of 48 recurrent pterygia. Irradia-
tion initiated immediately postoperatively at an average dose of
50 Gy. After a median follow up period of 14 months, no serious
complications nor cataract were noticed [14].

4.3. Contact X-ray irradiation as an alternative therapy to
B-irradiation

In 1970, Papillon et al. published the results of using Philips
contact therapy treatment unit with a 50kV X-ray generator in

treatment of squamous cell carcinoma of the sclero-corneal limbus.
The problem of local control was similar to the pterygium situa-
tion. And good results were achieved with doses of 50-60 Gy/five
fractions/6 weeks [61].

In view of the discrepancies reported by some authors between
the dose rates measured at the 90Sr applicators surfaces and those
quoted by the manufacturers which may reach up to 32-35% and
because of the possibility of imprecision in dose delivery to the sur-
gical scar due to the circular motion of the 90Sr applicators on the
conjunctiva that may be needed to cover the whole surgical scar,
Willner et al. published in 2001 their results in using soft X-ray
therapy instead of 3-irradiation in treatment of recurrent pterygia
[28,67]. They adopted a new treatment policy included preoper-
ative single dose of X-ray that enabled the therapist to determine
exactly the preoperative extension of the lesion and the subsequent
adjustment of the treated area. This was followed immediately with
surgical optimization using microsurgical excision and conjunctival
autografting then postoperative radiotherapy starting early after
surgery. They compared the results of this new policy with their
older one composing of surgical excision of the recurrent pterygia
by bare sclera technique and postoperative radiotherapy (details in
Table 2). The resulting depth dose conformed fairly to depth dose
of 90Sr eye applicators. All dose prescriptions were surface doses.
Following local anesthesia, eyelid clamp was positioned and an
adequate tube carefully positioned to cover the surgical bed. Nine-
teen recurrences were noted, 76% of them within the first 2 years.
Treatment with pre- and postoperative radiotherapy was signifi-
cantly associated with a better local control. No severe side effects
like scleral necrosis, thinning, iris atrophy, glaucoma or cataract
developed [78].

5. Discussion

The high recurrence rates after simple excision of ptery-
gium is the most frequently encountered problem [21,35]. It
ranges from 20-39 to 30-50% and in some studies up to 89%
[10,11,15,18,32,33,35,56,62,73]. Postoperative [-irradiation has
been one of the traditional adjuvant therapies used for reduc-
ing these recurrence rates since 1950 [15,25,27,29,57,62,74]. The
ESTRO Nice conference on radiotherapy for non-malignant diseases
has considered the use of radiotherapy as an accepted indication
(A category) in the treatment of pterygium especially in recurrent
and more complicated cases [44]. Unfortunately, studies concern-
ing this issue are often retrospective enrolling variable numbers
of patients from different origins treated by surgeons with differ-
ent experiences and various postoperative irradiation doses and
schedules that started at variable postoperative time intervals and
followed up for different periods. Such factors could be responsible
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for the variety in local control rates that ranged from 70 to 98.5%
[55,62].

Radiation doses reported in these studies ranged from a single
large dose at 20-30Gy [11,35,76] to 60 Gy/six fractions/6 weeks,
however, doses of 30-35 Gy/three fractions/2-3 weeks were fre-
quently used schedules and associated with recurrence rates up
to 11.8% [21,27,33,53,55,57,62,75]. The use of a single radiation
dose is reported here in three studies using doses from 20 to 30 Gy
[11,35,76]. No or very low incidence of severe side effects were
reported and good local control was achievable with rates of recur-
rence varied between 6.8 and 9.4%, but in view of the follow up
periods of these studies, the higher rates of late side effects reported
in other long term follow up studies and referring to the radiobio-
logical work of Brenner et al. who estimated a large o/[3 value for
disease control (25 +9 Gy), it is useful to design a multifractioned
treatment that would be expected to give comparable control rates
to a single fractioned treatment with less expected late complica-
tions [10,11,12,35,47].

Time between surgery and start of irradiation appears crucial
in many studies, lower rates of recurrence were reported when
irradiation initiated within 24 h after surgery and within 3 days
versus more than 3 days postoperatively [21,35,55,57,62,66,75,77].
However, other investigators did not report such an observation
[11,27,33]. Among the factors correlated with higher recurrence
rates was the type of pterygia. It was evident from our review that
recurrent pterygia are associated with higher rates of recurrence
compared with primary ones [21,33,53,62,75,77,78]. This may be
explained by the presence of higher levels of cellular proliferationin
the subepithelial fibrovascular layer of pterygium compared to nor-
mal conjunctiva as shown by flow cytometry measurements and
the observation that the proliferation rate of fibrovascular tissue
from recurrent pterygia was additional 10-folds increased com-
pared to primary pterygia [70,78]. Severe side-effects such as scleral
ulcerations, scleromalacia, necrosis as well as radiation induced
cataract were reported in most studies at a very low or no incidence
in contrast to a rate at 4.5% for severe scleral thinning reported by
others [74].

B-irradiation is believed to cause endarteritis obliterans, but it
is unlikely to be the only factor responsible for such rates of com-
plications as bare sclera excision itself can cause surgically induced
necrotizing scleritis years after surgery without the use of adjuvant
treatment [5]. In view of the few number of studies addressing con-
tact X-ray therapy as an alternative to (3-irradiation and referring to
the rates of local control and safety reported, further comparative
studies between these two modalities are warranted.

6. Conclusions

In spite of the paucity of randomized controlled studies on
postoperative [(3-irradiation in the treatment of pterygium and
the heterogeneity characterizing the retrospective studies, we can
conclude, based on the aforementioned results, that B-irradiation
using 90Sr applicator appears effective in reducing the rates of
recurrence after surgical resection of pterygium, especially the pri-
mary ones, and safe even in the long-term. It will remain one of
the standard adjuvant therapies after surgical excision of ptery-
gia for its convenience and simplicity. Although a considerable
debate exists concerning the total dose and fractionation regimen,
it appears from clinical evidences and referring to the radiobio-
logical studies that a fractionated dose of 30 Gy in three fractions
over 2-3 weeks starting within 3 days from surgical excision could
achieve local control as good as that associated with higher doses
with less expected late side-effects. Application of a single dose of
[B-irradiation and the use of contact X-ray therapy instead of [3-
irradiation needs to be compared with fractionated 3-irradiation
in long-term controlled randomized studies.

Conflicts of interest

None.

References

[1] Akinci A, Zilelioglu O. Comparison of limbal-conjunctival autograft and intraop-
erative 0.02% mitomycin-C for treatment of primary pterygium. Int Ophthalmol
2007;27:281-5.

[2] AlFayez MF. Limbal versus conjunctival autograft transplantation for advanced
and recurrent pteryium. Ophthalmology 2002;109:1752-5.

[3] Alaniz-Camino F. The use of postoperative beta radiation in the treatment of
pterygia. Ophthalmic Surg 1982;13:1022-5.

[4] Allan BD, Short P, Crawford GJ, Barrett GD, Constable IJ. Pterygium excision
with conjunctival autografting: an effective and safe technique. Br ] Ophthalmol
1993;77:698-701.

[5] Alsagoff Z, Tan DT, Chee SP. Necrotizing scleritis after bare sclera excision of
pterygium. Br ] Ophthalmol 2000;84:1050-2.

[6] Amano S, Motoyama Y, Oshika T, Eguchi S, Eguchi K. Comparative study of
intraoperative mitomycin C and beta irradiation in pterygium surgery. Br ]
Ophthalmol 2000;84:618-21.

[7] Ang LP, Chua JL, Tan DT. Current concepts and techniques in pterygium treat-
ment. Curr Opin Ophthalmol 2007;18:308-13.

[8] Aspiotis M, Tsanou E, Gorezis S, loachim E, Skyrlas A, Stefaniotou M, et al.
Angiogenesis in pterygium: study of microvessel density, vascular endothelial
growth factor and thrombospondin-1. Eye 2007;21:1095-101.

[9] Austin P, Jakobiec FA, Iwamoto T. Elastodysplasia and elastodystrophy as
the pathologic bases of ocular pterygia and pinguecula. Ophthalmology
1983;90:96-106.

[10] Bahrassa F, Datta R. Postoperative beta radiation treatment of pterygium. Int ]
Radiat Oncol Biol Phys 1983;9:679-84.

[11] Beyer DC. Pterygia: single-fraction post operative beta irradiation. Radiology
1991;178:569-71.

[12] Brenner DJ, Merriam GR. Postoperative irradiation for pterygium: guidelines
for optimal treatment. Int ] Radiat Oncol Biol Phys 1994;30:721-5.

[13] Cameron ME. Histology of pterygium: an electron microscopic study. Br ] Oph-
thalmol 1983;67:604-8.

[14] Campbell OR, Amendola BE, Brady LW. Recurrent pterygia: results of postop-
erative treatment with Sr-90 applicators. Radiology 1990;174:565-6.

[15] Cano-Parra ], Diaz-Llopis M, Maldonado M], Vila E, Menezo JL. Prospective trial
of intraoperative mitomycin C in the treatment of primary pterygium. Br ]
Ophthalmol 1995;79:439-41.

[16] Cardillo JA, Alves MR, Ambrosio LE, Poterio MB, Jose NK. Single intraoperative
application versus postoperative mitomycin C eye drops in pterygium surgery.
Ophthalmology 1995;102:1949-52.

[17] Chayakul V. Postoperative mitomycin-C eye drop and beta radiation in the
treatment of pterygia. ] Med Assoc Thai 1991;74:373-6.

[18] Chen PP, Ariyasu RG, Kaza V, LaBree LD, McDonnell PJ. A randomized trial
comparing mitomycin C and conjunctival autograft after excision of primary
pterygium. Am ] Ophthalmol 1995;120:151-60.

[19] Chiang CC, Cheng YW, Lin CL, Lee H, Tsai FJ, Tseng SH, et al. Cyclooxygenase 2
expression in pterygium. Mol Vis 2007;13:635-8.

[20] Cooper JS. Postoperative irradiation of pterygia: ten more years of experience.
Radiology 1978;128:753-6.

[21] De Keizer RJ. Pterygium excision with free conjunctival autograft (FCG) versus
postoperative strontium 90 (90Sr) beta-irradiation. A prospective study. Int
Ophthalmol 1998;21:335-41.

[22] DelaHozF, Montero JA, Ali6 JL, Javaloy ], Ruiz-Moreno JM, Sala E. Efficacy of mit-
omycin C associated with direct conjunctival closure and sliding conjunctival
graft for pterygium surgery. Br ] Ophthalmol 2008;92:175-8.

[23] Dekaris 1, Gabri¢ N, Karaman Z, Mravicic I, Kastelan S. Limbal-conjunctival
autograft transplantation for recurrent pterygium. Eur ] Ophthalmol
2002;12:177-82.

[24] Diaz L, Villegas VM, Emanuelli A, Izquierdo NJ. Efficacy and safety of intra-
operative Mitomycin C as adjunct therapy for pterygium surgery. Cornea
2008;27:1119-21.

[25] Dusenbery KE, Alul IH, Holland EJ, Khan FM, Levitt SH. Beta irradiation of
recurrent pterygia: results and complications. Int J Radiat Oncol Biol Phys
1992;24:315-20.

[26] Farid M, Pirnazar JR. Pterygium recurrence after excision with conjunctival
autograft: a comparison of fibrin tissue adhesive to absorbable sutures. Cornea
2009;28:43-5.

[27] Fukushimas, Inoue T, Inoue T. Postoperative irradiation of pterygium with 90SR
eye applicator. Int J Radiat Oncol Biol Phys 1999;43:597-600.

[28] Goetsch S, Sunderland KS. Surface dose rate calibration of Sr-90 plane oph-
thalmic applicators. Med Phys 1991;18:161-6.

[29] Green MO, Brannen AL. Hyperbaric oxygen therapy for beta-radiation-induced
scleral necrosis. Ophthalmology 1995;102:1038-41.

[30] Giiler M, Sobaci G, Ilker S, Oztiirk F, Mutlu FM, Yildirim E. Limbal-conjunctival
autograft transplantation in cases with recurrent pterygium. Acta Ophthalmol
1994;72:721-6.

[31] Hill JC, Maske R. Pathogenesis of pterygium. Eye 1989;3:218-26.

[32] Hirst LW. The treatment of pterygium. Surv Ophthalmol 2003;48:145-80.



A.M. Ali et al. / Cancer/Radiothérapie 15 (2011) 140-147 147

[33] IsohashiF,InoueT, XingS, Eren CB, Ozeki S, Inoue T. Postoperative irradiation for
pterygium: retrospective analysis of 1,253 patients from the Osaka University
Hospital. Strahlenther Onkol 2006;182:437-42.

[34] Johns HE, Cunningham JR.The physics of radiology. Springfield, Illinois: Charles
Thomas Publisher; 1974. p. 524-7.

[35] Jiirgenliemk-Schulz IM, Hartman LJ, Roesink JM, Tersteeg R], Van Der Tweel I,
Kal HB, et al. Prevention of pterygium recurrence by post operative single-dose
B-irradiation: a prospective randomized clinical double-blind trial. Int ] Radiat
Oncol Biol Phys 2004;59:1138-47.

[36] Karalezli A, Kucukerdonmez C, Akova YA, Altan-Yaycioglu R, Borazan M. Fib-
rin glue versus sutures for conjunctival autografting in pterygium surgery: a
prospective comparative study. Br ] Ophthalmol 2008;92:1206-10.

[37] Karukonda SR, Thompson HW, Beuerman RW, Lam DS, Wilson R, Chew S,
et al. Cell cycle kinetics in pterygium at three latitudes. Br ] Ophthalmol
1995;79:313-7.

[38] Kenyon KR, Wagoner MD, Hettinger ME. Conjunctival autograft transplantation
for advanced and recurrent pterygium. Ophthalmology 1985;92:1461-70.

[39] Kilic A, Gurler B. The efficacy of limbal conjunctival autografting in pterygium
surgery. Eur ] Ophthalmol 2006;16:365-70.

[40] Kirwan JF, Constable PH, Murdoch IE, et al. Beta irradiation: new uses of an old
treatment: a review. Eye 2003;17:207-15.

[41] Kria L, Ohira A, Amemiya T. Immunohistochemical localization of basic
fibroblast growth factor, platelet derived growth factor, transforming growth
factor-B and tumor necrosis factor-a in the pterygium. Acta Histochem
1996;98:195-201.

[42] Lam DS, Wong AK, Fan DS, Chew S, Kwok PS, Tso MO. Intraoperative mitomycin
C to prevent recurrence of pterygium after excision: a 30-month follow-up
study. Ophthalmology 1998;105:901-4.

[43] Lee JK, Song YS, Ha HS, Park JH, Kim MK, Park AJ, et al. Endothelial progenitor
cells in pterygium pathogenesis. Eye 2007;21:1186-93.

[44] Leer JW, Houtte PV, Seegenschmiedt H. Radiotherapy of non-malignant disor-
ders: where do we stand? Radiother Oncol 2007;83:175-7.

[45] Luanratanakorn P, Ratanapakorn T, Suwan-Apichon O, Chuck RS. Randomized
controlled study of conjunctival autograft versus amniotic membrane graft in
pterygium excision. Br ] Ophthalmol 2006;90:1476-80.

[46] Ma DH, See LC, Liau SB, Tsai R]. Amniotic membrane graft for primary
pterygium: comparison with conjunctival autograft and topical mitomycin C
treatment. Br ] Ophthalmol 2000;84:973-8.

[47] Mackenzie FD, Hirst LW, Kynaston B, Bain C. Recurrence rate and complications
after beta irradiation for pterygia. Ophthalmology 1991;98:1776-80.

[48] Mahar PS, Nwokora GE. Role of mitomycin C in pterygium surgery. Br ] Oph-
thalmol 1993;77:433-5.

[49] Mahar PS. Conjunctival autograft versus topical mitomycin C in treatment of
pterygium. Eye 1997;11:790-2.

[50] Manning CA, Kloess PM, Diaz MD, Yee RW, et al. Intraoperative mitomycin in
primary pterygium excision. A prospective randomized trial. Ophthalmology
1997;104:844-8.

[51] MastropasqualL, Carpineto P, Ciancaglini M, Enrico Gallenga P. Long term results
of intraoperative mitomycin C in the treatment of recurrent pterygium. Br ]
Ophthalmol 1996;80:288-91.

[52] Maxia C, Perra M, Demurtas P, Minerba L, Murtas D, Piras F, et al. Relationship
between the expression of cyclooxygenase-2 and survivin in primary ptery-
gium. Mol Vis 2009;15:458-63.

[53] Monteiro-GrilloI, Gaspar L, Monteiro-Grillo M, Pires F, Ribeiro da Silva JM. Post-
operative irradiation of primary or recurrent pterygium: results and sequelae.
Int ] Radiat Oncol Biol Phys 2000;48:865-9.

[54] Mutlu FM, Sobaci G, Tatar T, Yildirim E. A comparative study of recurrent ptery-
gium surgery: limbal conjunctival autograft transplantation versus mitomycin
C with conjunctival flap. Ophthalmology 1999;106:817-21.

[55] Nakamatsu K, Nishimura Y, Yagyu Y, Koike R, Kanamori S. A randomized trial
of 30 Gy/3 fractions versus 40 Gy/4 fractions in postoperative strontium-90
radiation therapy (RT) for pterygia. Int J Radiat Oncol Biol Phys 2004;60:5S551-2.

[56] Neal AJ, Irwin C, Hope-Stone HF. The role of Strontium-90 beta irradiation in
the management of pterygium. Clin Oncol 1991;3:105-9.

[57] Nishimura Y, Nakai A, Yoshimasu T, Yagyu Y, Nakamatsu K, Shindo H, et al.
Long-term results of fractionated strontium-90 radiation therapy for pterygia.
Int ] Radiat Oncol Biol Phys 2000;46:137-41.

[58] Oliveira ML, Caldas LV. A special mini-extrapolation chamber for calibration of
90 Sr+90 Y sources. Phys Med Biol 2005;50:2929-36.

[59] Pajic B, Greiner RH. Long term results of non-surgical, exclusive strontium-
Jyttrium-90 beta-irradiation of pterygia. Radiother Oncol 2005;74:
25-9.

[60] Panda A, Das GK, Tuli SW, Kumar A. Randomized trial of intraopera-
tive mitomycin C in surgery for pterygium. Am ] Ophthalmol 1998;125:
59-63.

[61] Papillon J, Paufique L, Chassard JL, Hugonnier R, Boyer A, Gérard JP. Treatment
with contact radiotherapy of epithelioma of the sclero-corneal limbus. ] Radiol
Electrol Med Nucl 1970;51:718.

[62] Paryani SB, Scott WP, Wells JW, Johnson DW, Chobe R], Kuruvilla A, et al. Man-
agement of pterygium with surgery and radiation therapy. The North Florida
Pterygium Study Group. Int J Radiat Oncol Biol Phys 1994;28:101-3.

[63] Peichev M, Naiyer A], Pereira D, Zhu Z, Lane W], Williams M, et al. Expression
of VEGF-2 and AC133 by circulating human CD34+ cells identifies a population
of functional endothelial precursors. Blood 2000;95:952-8.

[64] Pinkerton OD. Surgical and strontium treatment of pterygium: recurrence and
lens changes. Age statistics. Ophthalmic Surg 1979;10:45-7.

[65] Rubinfeld RS, Pfister RR, Stein RM, Foster CS, Martin NF, Stoleru S, et al. Serious
complications of topical mitomycin-C after pterygium surgery. Ophthalmology
1992;99:1647-54.

[66] Schultze J, Hinrichs M, Kimmiq B. The results of strontium-90 contact therapy
to prevent the recurrence of pterygium. Strahlenther Onkol 1996;172:417-21.

[67] Siddle D, Langmack K. Calibration of strontium-90 eye applicator using a stron-
tium external beam standard. Phys Med Biol 1999;44:1597-608.

[68] Simsek T, Giinalp I, Atilla H. Comparative efficacy of beta-irradiation
and mitomycin-C in primary and recurrent pterygium. Eur ] Ophthalmol
2001;11:126-32.

[69] Starck T, Kenyon KR, Serrano F. Conjunctival autograft for primary and
recurrent pterygia: surgical technique and problem management. Cornea
1991;10:196-202.

[70] Tan DT, Liu YP, Sun L. Flow cytometry measurements of DNA content in primary
and recurrent pterygia. Invest Ophthalmol Vis Sci 2000;41:1684-6.

[71] Tarr KH, Constable IJ. Late complications of pterygium treatment. Br ] Ophthal-
mol 1980;64:496-505.

[72] Ti SE, Chee SP, Dear KB, Tan DT. Analysis of variation in success rates in con-
junctival autografting for primary and recurrent pterygium. Br ] Ophthalmol
2000;84:385-9.

[73] Van den Brenk HAS. Result of prophylactic postoperative irradiation in 1300
cases of pterygium. Am ] Roentgenol 1968;103:723-33.

[74] Van Houtte P, Roelandts M, Devriendt D, Minsat M, Laharie H, Kantor G. Radia-
tion therapy of benign diseases. What's new eight years after? Cancer Radiother
2005;9:427-34.

[75] Viani GA, Stefano EJ, De Fendi LI, Fonseca EC. Long-term results and prognostic
factors for fractionated strontium-90 eye applicator for pterygium. Int ] Radiat
Oncol Biol Phys 2008;15:1174-9.

[76] Wesberry JM, Wesberry Sr JM. Optimal use of beta irradiation in the treatment
of pterygia. South Med ] 1993;86:633-7.

[77] Wilder RB, Buatti JM, Kittelson JM, Shimm DS, Harari PM, Rogoff EE, et al. Ptery-
gium treated with excision and postoperative beta irradiation. IntJ Radiat Oncol
Biol Phys 1992;23:533-7.

[78] Willner ], Flentje M, Lieb W. Soft X-ray therapy of recurrent pterygium-an
alternative to 90Sr eye applicators. Strahlenther Onkol 2001;8:404-9.

[79] YoungAl, Leung GY, Wong AK, Cheng LL, Lam DS. A randomized trial comparing
0.02% mitomycin C and limbal conjunctival autograft after excision of primary
pterygium. Br ] Ophthalmol 2004;88:995-7.



